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GENE THERAPY BY SECRETORY GLAND EXPRESSION 

This application is a continuation-in-part of U.S. 
application serial no. 08/410,660, filed March 24, 1995. 

5 

Field of the Invention 
This invention relates generally to the field of 
gene therapy and more particularly to the application of 
gene therapy to the cells of a secretory gland. 

10 

Background of the Invention 
Although gene therapy and specifically human gene 
therapy has' been widely discussed only over the last five 
years, the basic idea first became a reality in 1944 when 
15 Avery et al . carried out research on the chemical nature' 
of substances inducing transformation of pneumococcal 
types. (Avery et al . , J. Exp. Med. 79:137-158, 1944). 
The work carried out by Avery et al . , did not involve the 
actual insertion of genetic material into cells in order 

2 0 to carry out gene therapy. The insertion of new genetic 

material into cells in order to permanently affect the 
genetic makeup of the cells is the methodology now 
generally referred to as gene therapy. 

Current gene therapy is carried out m a variety of 

25 ways but 1 ( involves 1 twci "geif eftral" protocols. . In the first 
method, referred to as ex vivo gene therapy, cells are 
extracted from an organism such as a -.human "and- 
subsequently subjected s^t© genetic manipulation "by a 
variety of different me£. sAfter genetic ^material- has 

30 been properly inserted ,into ^.the cells, the cells are 
, . implanted back into t*he . body from which they were 
removed^- Thus the process involves^.-, cell- removal, 
transformation of the ^cells ±in vitro, and- subsequent, 
reintrodiuction of the modified cells into the patient.' 

3 5 Persistent,, in vivo expression of the newly, -implanted 

. genetic -material after transplantation of the transformed 
cells has been successful (see Morgan et al .-, • Science 
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- 237:1476 .(1987); and Gerrard et al . , Nat. Genet . 3 . 180 
. (1993) ) . 

In the second approach to gene therapy, referred to 
as a vivo gene therapy, somatic cells within a living 
5 organism are transformed with new genetic material . For 
example, the genetic material to be introduced into the 
organism is packaged within a retrovirus or adenovirus 
The virus containing the desired genetic material is 
allowed to infect target cells within the organism. Upon 
10 mfection of the cells, the virus injects genetic 
material into the- cells which is then integrated into the 
cells' genome. As a result, the injected genetic 
material is expressed and the patient is treated. 
- - , Several, different methods for transforming cells can 
15 be used in accordance ;with either the ex vivo or in vivo 
,. . transf ect.ion procedures . ■ - For example , various mechanical 
. .methods can,.:. :be ;£ u S ed-.,to . deliver the genetic material, 
including the use of fusogenic lipid vesicles (liposomes 
incorporating cationic lipids such as lipof ection; see 
20 Feigner .et-. A al,.^-Picpc^ -.Nxtli. Acad. Sci. U.S.A. 84: 7413- 
.7417 : (1987) ) ; .direct -in j ectibn of DNA (Wolff, et al . , 
. Science (1990^ ,247 : 1465-1468) ; 'and pneumatic delivery of 
DNA- coated gold- -particles > with a/device referred to as 
, the ; gene:,-gun, (Y,ahg :et.^al. ; Proc, Nail.: Acad. Sci. U.S.A. 
5 1990; .87:1568-9572) . . . : ~ . . 

: ; -Ex. -vivo and in > vivo-gene -transfer methodologies have 
been. accomplished • using a -variety of different 
-procedures,;, such as - the iise cif Retroviruses or direct 
injection. .The procedures have been used on five general 
0 types of, cells in order to -carry out U) liver cell gene 
therapy; (2) hematopoietic cell gene • therapy • (3) cancer 
cell gene . therapy; :( 4 Respiratory cell- gene therapy; and 
(5) muscle cell gene therapy.' A review of the different 
- techniques along; with"* citation of numerous publications 
5, ■-. in .each: area is . contained- within a recent article on 
, human gene • therapy. - ( see* Morsy et al . , JAMA 270:2338-2345 
. .-J19a3..>) . ,>. s .. * - . 
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Depending ; on the desired • result , the effect which 
the inserted genetic material will have on the 
transformed, cell can., vary: greatly and can be selected 
according to the- specific therapeutic situation. For 
5 example, genetic material, inserted ; into thef cells in 
order to . obtain circulation of the expressed genetic 
products would not- be,. -used -in connection with the 
treatment of* cancer cells of a localized tumor. Stated 
differently, gene; therapy may be carried out in order to 
10 locally affect a given type of cells such as affecting 
canqer. cells within a tumor: or locally affecting liver 
.cells. Other types of gene therapy are carried out in 
order to cause the; manipulated rcells to express a protein 
which , i/3 transported- :tro -the cisrculatory system and 
, 15 systemically, delivered ~ -,to^ .X.he ■ :oarganism : . 1 Genetic 
. , . manipulation of ©e$ls. ^ ris^sresB ."a protein for systemic 
. delivery, to the ; x?rganisi^ehas&%-:beyESn problematic.^ The 
present invention -addresses thd^ problem. 

2 0 . Sum mary of the Invention 

Secretory gland- -eel 1m ; are genetically altered to 
. operative ly - . incorporate- x > gene ; : whi£h : expresses a 
therapeutically effective protein. More particularly, 
cells of a salivary gland , or .the pancreas are genetically 
25 altered to operatively incorporate DNA 'which when 
expressed v produces,,- _a protein which has a desired 
therapeutic effect oyi the psttientv The expressed protein 
is .secreted .directly iyito the: blood stream -and/or into 
the gastrointestinal ^ygtemcto; obtain- therapeutic levels 
3p : of , the protein,* thereby: treating' -the patient in need of 

. the protein. >\ „ v : -: - 

, A : primary object is i to provide ■ a ^method of gene 

therapy wherein cells of* a secretory gland, preferably 
—the pancreas : , : or .a salivary 4 gland, more . preferably a 
35 . parotid, gland, » of a mammal, are genetically modified to 
. express^; a biologically, active and therapeutically useful 
protein which protein is , secreted into the - circulatory 
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system and/or ..the gastrointestinal tract of the 
individual. ' 

Another object is to produce genetically transformed 
secretory gland cells which cells have incorporated into 
5 their genome genetic material which expresses a 
biologically active and therapeutically useful protein 
and secretes that protein into the surrounding media. 

An advantage of the present invention is that long 
term therapeutic cures can be provided for diseases 
10 wherein individuals are suffering from the disease due to 
a deficiency in a particular protein. 

A feature of the present invention is that cells of 
' - , a secretory gland, preferably the pancreas 'or a salivary 

a, / gland, more preferably a parotid gland/ are specifically 
• r . ;.: \, .15-. -targeted; ' r - 

Another advantage of the present invention is that 
- ^ I the expressed; protein is secreted into the circulatory 
system and saliva or- pancreatic juices of the patient to 
provide a systemic effect. 
20 :;; :r^ T ^se and other: objects/ advantages and features of 

- the present invention will- become - apparent to those 
persons skilled in the art upon reading the details of 
the vectors, cell lines and methodology as more fully set 

.? ; .forth below/ ; \: ;■ 

■ ■ - .;2-5:, ; , .. . \::\- .:..„,:'.. W; ' ■ , ' — . '" ~; ■ .. . : . , r ■ 
~ • " Brief : Descrip t ion of "the- Drawing 

- *>"■ ' . - Figure 1 .is a schematic view of a recombinant 
plasmidr construct : useful ■ ; in producing recombinant 
: -salivary gl arid ;ceils~ of the 'invention;' 

- 30 . . .: ■ Figure 2 is. a' schematic: view of a recombinant viral 

- construct useful in producing recombinant ' secretory gland 
.v.cells of the ; 'invention; ■*"<- ir - "■ ' 

Figures" 3A and 3B are a schematic flow 'diagrams of 
a : production, of recombinant secretory gland' cells and their 
: 3:5- >^s;e-in a therapeutic method of the -invention; 
V: -*:h ::o> ' ':;Fiefu.re 4 is a map of 1 th<e * pFGHJ cohstruct which 
r - ^ "•»* • contains .'the * human growth hormone - genotnic : sequence; 
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Figur^ 5 is a map of the pFGH . CMV 1 construct , which 
contains the human growth hormone. . genomic sequence 
operably linked to the CMV promoter; ' 

Figure 6 is a map of the pFGH. chymo construct, which 
. 5 contains the human growth hormone genomic sequence 
operably linked tou the chymotrypsih^B promoter; 

^.Figure 7 is : a graph, showings the levels of tissue 
expression of. human growth hormone expression in the 
pancreas of rats, after retrograde injection with either 
10 a, control containing no .DNA or: attest sample containing 
a human growth hormpne ^construct ; n.-: 

Figure 3 is :? a graph, showing - the - serum levels of 
human growth hormone .-in tso;a-f ter;~xetrograde pancreatic 
injection with eitijer, a ; cpntlrolu containing no DNA or a 
15 test sample containing a human growth: hormone construct; 
A ■ and , ... - - ^ch * n. / ' nf-^'.z. ~z 

, Figure 9 is a- gar ap& js^^^ between 

pancreatic tissue ^^stoi^vand r seriam levels o£ human 

-'In- 
growth hormone • ■ . j-j^ 1~- ~- in-. '3<z\ ' > - ± - \: ■;. 

20 Description -of - the Preferred -^Embodime nts 

.., Before, ..the- . ^ present. - v ^method • v-.-- of ? ' genetically 

transforming secretary glajidte cells ^and methods for 

- ; . providing gene .. - therapy f> .-are i Ide scribed ; it + is to be 

. understood that this invention is-:, not limited to the 

25 particular methodology, protocols, cell lines, secretory 

glands, vectors and jefge&ts, described as such may, of 

course,, vary- It ;r:-i^^Ll$o -to ,be ^-understood that the 

terminology used herei^.is for- the ^purpose of describing 

. particular embodiments onlyXiandr:is> hot- intended to limit 

3 0 the scope of the .presentriinvention which \ will- be limited 

pnly, by , the r appendjecj :,ql^im^, ; ;\- ..y ir < • 

It must be noted .t-hat '-Lused herein and in the 

appended claims, „ the singrixlax; forms? "a", !, and", and "the" 

include ,. plural , ref erenjt 9/ Planless the . ^context clearly 

. 3.5 - dictates , otherwise . . Th/as, f.or example^ .•reference to "a 

.vv Jr secretory. ; gland-, cell " includes a plura^ey -of such; cells 

^and . reference to . : the v. transformation ^.vector'r"'- .^includes 
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reference to one or mors transformation vectors and 
equivalents thereof known to those skilled in the art, 
and so forth." '•' ~ 

Unless- defined otherwise/" "all technical and 
5 scientific terms used herein have the same meaning as 
commonly understood to one of ordinary skill in the art 
to which this invention belongs . Although any methods, 
devices and materials similar or equivalent to those 
described herein can be used in the practice or testing 
10 of the invention, the preferred methods , devices and 
materials are now described. 

All publications mentioned herein are incorporated 
herein by reference f or " the purpose of describing and 
disclosing the cell lines, vectors, and methodologies 
-15 which are described: * in the publications which might be 
used" in connection-' with the presently described 
* invention . - - v '-*- - • 

Def iriit icph^-"'^ — ■ 
-20 . . * By ^s^cretory'-^land^-. "isr'hneant an ' aggregation of 
; cells specialized to secrete or excrete materials not 
related to their ordinary metabolic needs. Secretory 
glands Include -sal ivaf^. .'glands , pancreas , mammary glands , 
"thyroid gland, ' thymus 7 %land, pituitary' gland, liver, and 
25 other glands well known* in the art. - 

- - By 91 salivary gliand" is meant a gland of the oral 
cavity which : secretes : saliva , including : the glandulae 
salivariae : majbres of : thie "oral : - cavity (the parotid, 

^sublingual? -and* submandibular glands) and the glandulae 
■30 salivariae minores of " the tongue , lips/ cheeks/ and 

- palate ""'( labial';^ ^buccal , molar / palatine , lingual , -and 
anterior lingual -glands} : " ^ 1 : :.«: ; — -: : 

By "pancreas" Is meant a la:rge, elongated, racemose 
gland : situated transversely behind . the stomach, between 
35 • the sple'en ahd the" duodenum. The pancreas 1 is composed of 
^ ah endocrine portion ' (the pars eridbcrriiia) and an exocrine 
po£t ±6h ( the pars exd6rina j ' ' " . The pars : endocrina", .whi ch 
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contains the islets, of Langerhans, produces and secretes 
proteins, including . insulin, directly into the blood 
stream. The pars exocrina contains secretory units and 
produces and.sepret.es a pancreatic juice, which contains 
5 enzymes essential to, .protein digestion, into the 
duodenum. 

By "transformation" is meant a permanent genetic 
change induced in a cell following incorporation of new 
DNA (i.e., DNA earagenous to the cell),. Where the cell is 
10 a mammalian, cell, the permanent genetic change is 
generally achieved by introduction of the DNA into the 
genome of the cell._ , . . 

By " transf ection*\ is mea,nt the transformation of a 
cell with DNA from a virus;,. 
15 By "transformed cell^.is m^ant , : a cell into : . which (or 

into an ancestor ..of which) ,h?is been introduced, by means 
of recombinant DNA techniques, a DNA molecule encoding a 
protein of interest. . 

By "DNA of interest" is meant: . any DNA sequence which 
20 encodes a. protein or . other t molecule v/hich is desirable 
for . administration, particularly .intravenous 
administration, to a. .mammalian- subject ..* by . gene therapy 
the sequence is generally qperatively:: -linked to other 
sequences which, are neected^for its . expression such as a 
25 promoter. .'. -r^on/ . .' ■" 

By "vector" . is , meant an Y^ cojnpound, biological or 
chemical,, which ..facilitates r . transformation of a target 
cell ...(e.g* , a secretory , gland - cell) v with a DNA of 
interest ... ExemplaLry biological 5 . vectors include viruses,. 
3.0 particularly attenuated and/or replication-deficient 
viruses. Exernplary . chemical . vectors .include lipid 
complexes and naked DNA constructs . 

By "promoter" is. ..meant , a minimal DNA sequence 
sufficient to. direct^, transcript ion. "Promoter" is also 
3 5 meant to encpmpass those,, promoter element^ sufficient for 
promoter -dependent gene. .expression controllable for cell- v; 
type , specif xc : , tissue r^pe.cif ic or,,, inducible by ext.ernar ; 
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signals or agents; such elements, may be located in the s- 
or 3' regions of the native gene. . 

By., "secretory gland specific promoter" is meant a 
promoter which directs expression oB an ope r ably linked 
DNA sequence when bound by transcriptional activator 
proteins, or other regulators, of transcription, which are 
unique to a specific type of secretory gland cell. For 
example, by "salivary gland specific promoter" is meant 
a secretory gland specific promoter which directs 
expression in a salivary gland cell. A salivary amylase 
promoter, is an example of a salivary gland specific 
promoter. By "pancreas specific promoter" is meant a 
secretory. gland specific promoter which directs 
expression in a pancreatic cell. Examples . of pancreas 
15 specific. promoters include a pancreatic amylase promoter 
, .and. an insulin promoter . 

B Y. ."qperably linked" is meant that. a DNA sequence 
and a regulatory sequence (s) are connected in such a way 
as .to. .permit .gene ,. expression when -; the - appropriate 
20. molecules, (e.g., transcriptional,, activator proteins);, are 
bound to the regulatory sequence (s) , 

• 1 B y ,"operatively inserted" is meant that the DNA of 
interest^ introduced into the cell .is.: positioned adjacent 
: a DNA . sequence,,- ■ which directs transcription and 
25. translation. of the introduced DNA- - (i.e., facilitates the 
: P roduc . ti 9n -,of /. e.g., a polypeptide encoded by a DNA of 
interest) ... _ : ........ ..... 

By. r "mamnialian ^ subject «» or "mammalian patient" is 
meai ^ an y mammal for , which. : gene ^therapy is desired, ' 
30 including human, bovine, equine ... = canine , V and feline 
subjects. 

The present invention- .features .cpmppsit ions and 
methods of treatment. . .using -gene, therapy, more 
...specifically gene . ; therapy -by expression of a DNA of 
35 . inte ^ est in cells within^a secretory gland of a mammalian 
.. .. patient.., Preferably,;- the , transformed secretory gland 
, c ^-}-. s ,z-9 x P r&ss± n9 . the , V! pr.o%e in .;, encoded • by "the DNA of 
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interest secrete - a therapeutically effective amount of 
the protein -into -the' blood stfeam or into the 
gastrointestinal * tract ' le.g-, " into the saliva or 
pancreatic 'juices)— of the* 'mammalian patient. Preferably, 
5 the secretory gland into which the DNA of interest is 
introduced and expressed is the pancreas , more preferably 
a : salivary, gland, even more preferably the parotid gland. 
Preferably, the DNA of 'interest encodes either insulin, 
. a growth-hormone, clotting factor VIII, intrinsic factor, 
1-0. or erythropoietin. Preferably, the DNA ; of interest is 
operably linked to a secretory gland-specific promoter. 
Where the secretory gland- -is the pancreas, 'the promoter 
is preferably , a pancreatic amylase promoter or an insulin 

• promoter.. Where the* secretory gland - is a salivary gland, 
15 the promoter is preferablV a a r skIivary l amylase promoter. 

The invention al^ro ^ : '£8*a€ures x ¥ecdmbinknt secretory 
. * gland cells, - preferably ^ refeomBxnaht pancreatic ^ or 
recombinant salivary - : ^gland'' 1 : eel is , more' preferably 
■. recombinant* parotid : .-glandF^ cells; ^containing a DNA^' of 
2 0 interest -dperatively inserted in the "'genome of the cell 
and operatively* linked to a promoter for ' expression of 
- the DNA of interest. 1 Preferably, the promoter 
operatively linked' to the DNA- of interest is a secretory 
gland specif ic " promote^/. Where • the secretory gland"; is 
25 the pancreas, 1 the promoter is "preferably a pancreatic 
amylase promoter or insulin promoter:" Where the 
secretory gland is a salivary gland/ the promoter is 
preferably a salivary amylase promoter. 

- The:., invention : ; will -now vr be described in further 
- 30 ■ detail , : c '■■'<' : -< "-■ : 

. Vectors and ' construct s " : v 7 * * 

Anynucleic acid vector having a eukaryotic promoter 

operably \ linked to a .DNA : 6f interest "can be -used in the- 
:: .3.5- invention to: transform a.; secretory gland *cell'. The 

vectors'* containing. t he - DNA sequence (or the corresponding . 

* RNA sequehcfel ' which may . be used in accordance with" the 
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invention may be any eukaryotic expression vector 
containing the DNA or the RNA sequence of interest. For 
example, a plasmid or viral vector < e.g. adenovirus) can 
be cleaved to provide linear DNA having ligatable 
5 termini. These termini are bound to exogenous DNA having 
complementary, like ligatable termini to provide a 
biologically functional recombinant DNA molecule having 
an intact r-eplicon and a desired phenotypic property. 

A., variety of techniques are available for DNA 
10 recombination in which adjoining ends of separate DNA 
fragments, are tailored to facilitate ligation. The 
. exogenous (i.e., donor). DNA used in the invention is 
.obtained from suitable cells., The vector is constructed 
using known techniques to obtain a transformed cell 
capable. of in vivo expression of the therapeutic protein. 
The transformed cell is obtained by. contacting a target 
cell with r a .RNA- .or DNArcontaining formulation- permitting 
transfer and uptake of the RNA or DNA into the target 
cell. Such formula, t ions -include, for example, viruses, 
plasmid? liposomal, formulations, or plasmids complexed . 
with. PQlycat ionic. ..substances such as • poly-L-lysine or 
DEAC-dextran, and targeting ligands . 
. . -Techniques^ for obtaining expression of exogenous DNA 
, •. or RNA S.equ^c.e_s..i_n a host are known in {the art (see, for :/ 
25 example, ■ Kormal et al . , Proc. Natl . Acad, Sci . USA, 
- 84:2150 .- 21 ^ 4 ' 1^87;: 1; Sambrook ,et, al... Molecular rinn^^' 
&_L.aboratory Manual , .,2nd Ed.,... 198 9 , Cold Spring Harbor 
Laboratory Press,; :Cold:.. Spring Harbor, NY;; each of ^ which -. 
are hereby incorporated by reference with respect to 
3 0 methods ? and compositions for. eukaryotic expression of a 
, . DNA of - interest)-. . - - ,v , • 

Various -vectors- (e,g,, viral vectors, bacterial 
vectors,, or vectors, capable of replication in eukaryotic 
, and^prpkaryotic hosts)., can be used in accordance with the 
3 5 ..present -.invention. Preferably the vector is .capable of 
. ^PMS?^ 0 ? ^ n both eukaryotic and prokaryotic hosts . 
.. - -.^ me ^?Hf vectors which . can replicate in eukaryotic and • 
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. prokaryotie hosts are known in the art and are 
* commercially available. In general, such vectors used in 
accordance with the invention are composed of a bacterial 
origin^of replication and a eukaryotic promoter operably 
. 5 linked to a DNA of interest. 

In general , yiral / vectors used in accordance with 
the invention are composed of a viral particle derived 
from . a naturally-ocdurring Virus which has been 
genetically * altered to render the virus 
10 ■.; replication-defective and to express a recombinant gene 
of interest in accordance with the invention. Figure 3 
. shows a schematic view of J an exemplary recombinant vector 
construct useful in the : met hod of' the invention- Once 
the virus delivers* its ^genetic takterial to a cell, it 
15 does . not generate addit : ibiik : i^ infectious " virus but does 
introduce exogenous irecoT&xnant'^^Siies ihto the cell, 
preferably into J -fch£ r geft6me~iof 'the "cell. 

Numerous ■ f viral • vectofs^are 1 wilf 'known in the art, 
including, f or ekampiey : 4re^^ .adeno- 
20 associated virus ; - ; herpes^ 1 'simpl4k ' virus . (HSV) , 
cytomegalovirus (CTW} : ,- Vaccinia 'knd ~ pdlidvirus vectors. 
Re trov i r a 1* vectors '- a r er 3. e ~k s pire f erred ' - s i n c e r e t r o v i iru s e s 
require replicating dells ; and : ' s r edretpry glands are 
composed of mostly slowly repTlVat^ri^'' dnd/or terminally 
25 differentiated "cells . Adenovr:£u£ '-'is a ;^reflerred viral 
. vector since -this virus efficiently 0 infects slowly 
replicating* and/ or : terminal ly - dif £ erent iat ed cells. 
Where, the secretory glarid : is a ' salivary J gland, the viral 
vector is preferably dterxved : f rotn an Attenuated and/or 
30- replication-def icient ? muinps^ : virus or other 'attenuated 
and/or replication-deficient virus which is substantially 
specific for salivary gland* cells. ' ; 

Where a replicatrbn-def i'cient virus is used as the 
. viral i vector the production' of infective virus particles 
;/ ,3:5 ..containing either- DNA or- RNA corresponding" to the DNA of 
interest, can be produced- by introducing 7 the viral 
■. -ov construct:, into -a J recombinant cell lines, whicH^'provides the 
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missing components essential for viral -replication in 
trans. Preferably, transformation of the recombinant 
cell line with the recombinant viral vector will not 
result in production of replication-competent viruses, 
e.g., by homologous recombination of the viral sequences 
of the recombinant cell line into the introduced viral 
vector . 

Methods for production of replication-deficient 
viral particles containing a DNA of interest are well 
known in the art and are described in, for example, 
' Rosenfeld et al . , Science 252 : 431-434, 1991 and Rosenfeld 
et al., cell 68:143-155, 1992 (adenovirus) ,- USPN 
5,139,941 (adeno-associated virus); USPN 4,861,719 
(retrovirus) ; and. USPN 5,356.806 . (vaccinia virus) . 
Methods and materials for manipulation of the mumps virus 
genome, characterization of : mumps yi-rus genes responsible 
for viral fusion and .viral . replication, and the structure 
and entire sequence of the mumps viral genome are 
described in Tanabayashi et al . , J. Virol . ; 67 : 2 92 8 - 2 93 1 , /. 
^"-l . T *^ UC -^* •*§ ' ^^y' Virol,, 128,: 177-183, 1993; 
Tanabayashi et al/. , Virol '. .187: 801.804 ,, 1992; Kawano et 
al., Virol., 179:857-861,: 1990; Elango et al., J. Gen. 
Viro1 « 69:2893-28900, 1988. Given the knowledge in the 
art . regarding ■ the mumps ,' viral, genome . and t he gene s 
impprtaht' for mumps virus fusion and replication, mumps 
viiral . vectors can be readily constructed, and replication 
defective m^e ^y;i^a . : at^k±j^ developed, for use in - 
salivary .gland specific, gene .transfer.,., gene expression 
and gene therapy. 

The DNA of interest may be administered; using a non- 
- . y irjil yector , f o^ example, as a DNAr . . . or RNA- liposome 
complex 'forimilationr Such completes ' comprise ,a mixture 
of lipids which bind to genetic material (DNA or RNA), 
... Providing a ; hydrophobic coat, .which allows the genetic 
35 material to be delivered into cells . Liposomes which can 
J be : use,^ . in ■ accprdanceVwi th ..' the ^?iyentiou , include DOPE 
. (dioleyl .phosphatidyl ., .ethanpl amine ), , CUDMEDA (N-(5- 
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cholestrum-3-/3-ol' 3-urethanyl) -N' ,N' -dimethylethylene 
■diamine) ; When the DNA of interest is introduced using 
a' liposome, it is preferable to first determine in vitro 
t'Ke optimal values for the DNA: lipid ratios and the 
5 absolute concentrations of DNA and lipid as a function of 
cell death and * -transformation efficiency for the 
particular type of cell to be transformed. These values 
can the : n be used in or extrapolated for use in in vivo 
ti-ansf ormation/ ''The in vitro determinations of these 
10 values can be readily carried out using techniques which 
are well known in the art. 

Other non-viral vectors may also be used in 
accordance with the present invention. These include 
chemical formulations of DNA or RNA coupled to a carrier 
1*5 molecule (e\g., an antibody or a receptor ligand) which 
"-' facilitates delivery to host " ceils for the purpose of 
altering the biological properties of the host cells . By 
the term' "chemical formulations" is meant modifications 
of nucleic acids to allow' coupling of the nucleic acid 
20 compounds to* a carrier molecule such as a protein or 
lipid, or derivative thereof. Exemplary protein carrier 
molecules include antibodies specific to the cells of a 
targeted secretory gland or receptor ligands,. i.e. , 
molecules ; capable of interacting with receptors 
25 associated with" a cell' of a targeted secretory gland . 

; Preferably/ the" DftA construct contains a promoter to 
facilitate expression- of the DNA of interest within a 
secretory gland cell; more preferably' a pancreatic cell 
or salivary gland cell, even nioife preferably a parotid 
30 gland cell. ~" Preferably "the promoter is a strong, 
eukaryotic promoter. ' Exemplary eukaryotic promoters 
include promoters from cytomegalovirus (CMV) , mouse 
mammary tumor virus* '(MMTV) , Rous sarcoma virus (RSV) , and 
- . ' adenovirus. More specifically, exemplary prompters 
3 5 include the promoter from "the immediate early gene of 
: human CMV (Bostiart et al ., dell 41 ': 521*530 , 1985) and the' 
■ promoter •' ■from theT long terminal Repeat (LTR) of RSV 
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(Gorman et al . ,. Proc. -Natl. Acad. Scl. USA 79:6777-6781, 
1982) . Of these two" promoters, the CMV promoter is 
preferred as it provides for higher levels of expression 
than the RSV promoter. 
5 where the secretory gland is the pancreas, the 

promoter used in the vector is preferably a pancreas 
specific promoter, i.e. the promoter facilitates specific 
expression of the DNA to which it is operably linked when 
the construct is in the presence of a pancreas cell 
10 specific transcriptional activator protein. The 
promoters may be derived from the genome of any mammal, 
and is preferably derived from a murine or a human 
source, more preferably from a human source. Examples of 
preferred: pancreas specific promoters include the insulin 
15 promoter and pancreas a-amylase promoters. 

Where the secretory gland is a salivary gland, the 
promoter used in the vector is preferably a salivary 
gland specific promoter, i.e. the promoter facilitates 
specific expression of the DNA to which it is operably 
.;2G>. r linked --when «. the -.-construct- 'is in the presence of a 
salivary, gland; ..cell ■ specif ic transcrip'tional activator 
protein (s ). ^Examples of pref erred ' salivary gland 

: specific- promoters- include salivary a-amylase promoters 
and .mumps viral.::; gene promoters which are specifically 
. 25 . expressed sin sal i vary s gland cells. 

- . Multiple r:pancreati;e * a-amyl'ase- " genes" " and multiple 
, salivary- amylase genes ,■: have been identified and 
• characterized in botn' mice and" humans (see, for example, 
t Jones et - a±j.,:'i Nucleic "■ Acids J?es., 17:6613-6623; 
30 Pittet et al . , ' J" .'• ifbJ Biol,, 182:359-365, 1985; 
Hagenbuchle et al . V: ..tsdl .-Biol., 185 : 285-293 , 1985 ; 
Schibler -et al.. ; Qx£U Su<rv . Eukaryo t -. Genes ,3:210-234, 
1986 ; and Sierras et -al..., : Mol . Cell . Biol . , 6 : 4067-4076 , 
1986 for murine pancreatic arid salivary a-amylase genes 
35- ;„and promoters; - Sarttuelsbn et al. , Nucleic Acids Res 
- 16 : 8261.--8276 , 1988 ; s Groot et al : ., • Genomics, 5 : 29-42 , 
.: 1989 ; .5 and. Tomita ■ et -al-7, Geiie, 76 :11-18-, 1989 for .human 
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pancreatic and, salivary a-amylase genes and their 
promoters).. The . promoters of these <*-amylase genes 
direct either pancreas or salivary- gland specific 
expression of their corresppnding a-amylase encoding 
5 DNAs . These promoters may thus be^usefcl in the constructs 
of the invention ta achieve pancreas -specific or salivary 
gland- specif ic expression of a DNA of interest. 

For example, the human genome contains ; three , nearly 
identical salivary ce-amylase genes, fermed AMY1A, AMY1B, 
10 and AMY1C, as well as at least two pancreatic cr-amylase 
genes.. The promoters of ■ three salivary cy- amylase genes 
appear ; identical . The region from —1003 to -327 base 
pairs of the human salivary . Qf-amylase AMY1C promoter 
sequence . is sufficients f or: ; parotide gland specific 
15 expression, . while the * region from" -1003 ' to -826 is 
necessary.. for , salivary ^igland~ -specific* expression 
(Ting .et al . , Genes 6 : -1457?:ff5 -1-992) . ' This human 

salivary promoter sequejioer can: be :operably linked ta' a 
DNA of interest in construct" f 6'ir ' *salivary-gland 

20 specific expression .according ■« to the^prissent invention . 

Recombinant promo^rs derived; from any- of the above - 
described promoters may^a^so be employed in constructs -to 
achieve secretory glando&peci tie expression of a specific 
gene of interest. - For example, ..a recombinant promoter 
25 capable of directing- expression :at increased levels 
relative to : . a wild- type: ^salivary a- amylase promoter may 
be produced by multi^ri^ing the:.-l003 to ; -82S region of 
the salivary of- amylase promoter in the construct , or by 
, operably . linking s a' vir^ir/^enhancer sequence 1 -(e.g.; an 
30 enhancer sequence from; £MV) to a. full length salivary 
or-amylase promoter sequence, u ^ The constructs of the 
invention- may also , include - sequences -; in .addition to 
promoters which enhance decretory" gland specific 
■expression.- , : For example,,^ where pancreas specific 
35 expression of the- DNA of interest ■ is desired, the 
construct. ma Y^. include > a ' PTF-1 recognition sequence 
, . ( ; Cockell : et. al-- , Med. Cell. Biol., 9;:2464-2476 , 1389) . 
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Sequences , which enhance salivary' gland specific 
expression are also well -known in the art (see, for 
example, Robins et al . , Genetica 86:191-201, 1992).' 

Other • components such as a -marker (e.g., an 
antibiotic resistance gene (such as an ampicillin 
resistance, gene)- or /?-galactosidase) to aid in selection 
of cells containing and/or expressing the construct , an 
origin of replication for stable replication of the 
construct in a bacterial cell (preferably, a high copy 
number origin of replication), a nuclear localization 
signal, or other elements which facilitate production of 
, the DNA construct, the protein encoded thereby, or both. 

For eukaryotic expression (e.g., in a salivary gland 
15 cell), the ..construct should contain at a minimum a 
r - eukaryotic, promoter operably linked to a DNA of interest, 

- : vrhich is ^n-^unt roperably linked to a polyadenylation 

sequence. The polyadenylation signal sequence may be 
selected ifrbm any of a variety of polyadenylation signal 
2 0 sequences « known, c in the - art. Preferably, the 

polyadenylation signal sequence is the SV40 early 
polyadenylation signal sequence. The construct may also 
; include one. or more introns-, which can increase levels of 
.^.>expres-sioa of the DNA-of interest > •particularly where the 
25..:, DNA of interest, is ..a cDNA Te. g. / contains, no introns of 

- *••'• the - naturally-occurring sequence ) . ■ . Any 'of ■■•■a- variety of 
, introns known in thecart may be used. Preferably, the 

■ intiron is the ' human /S-globin intron and- inserted in the 
•< construct at., a position 5 ' to the DNA of - interest V - 
30 - , .The DNA of interest can- be any DNA encoding any 
protein for ".Which intravenous therapy and/dr therapy for 

- the. gastrointestinal :tract is desirable. For example, 
intravenous protein therapy is appropriate in treating a 
mammalian subject having ah inherited or acquired disease 

.•35 , associated .. ' with a specific. protein - deficiency 
" ' ^^g.i^cdiabetes, hemophilia', anemia," severe combined 
•a:3itmB^n^deficiency)..-.^uch -' protein deficient ' 'stated are 
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amenable to, : treatment by replacement therapy, i.e., 
expression qf a protein to restore the normal blood 
stream levels of the protein to at least normal levels. 
Secretion , of a therapeutic protein to the 
5 gastrointestinal tract (e.g. by secretion of the protein 
into the. saliva, -pancreatic juices, or other mucosal 
secretion)- is appropriate where, for example, the subject 
suffers from a protein deficiency associated with 
absoirption of nutrients (e.g. deficiency in intrinsic 
10 factor) or digestion (e.g., deficiencies in various 
pancreatic enzymes) . 

Alternatively, the mammalian subject may have a 
condition which is amenable to treatment by expression or 
_ pver-expression of a ^pratein; j which is either normally 
15 .present in : a healthy mammalian- subject or is foreign to 
- . - the mammal i.an : :sub j cForjexample ^ - intravenous protein 

therapy can be used ..in treatment of > a mammalian sub j ect 
having a viral (e;-gL- v ihxijnair immunodeficiency virus (HIV) , 
Epstein-Barr virus ~(£BV)v herpes: ; simplex -virus (HSV) , 
20 bacterial, fungal,, ;.and/or.n:-i parasitic infection, 
particularly- where the infection i'S ' chronic, i.e., 
persisting over a relatively 1 ong p&'r i od of . time . /The 
secretory gland gener^therapy ;of ; the » invention .may also be 1 
. . • . used to ^enhance, * expression .<of ;a pirotein present in a 
2 5 normal jrnammal, or / to; - express ? a *v protein ' not ' normally 
present. in. a normal ^mamiaal , in order to' achieve a desired 
effect . ,( e t . g . , . to - enhance., a normal^ metabolic process) . 
, ; For ; example, . s e cxe tory . gl and -of a dairy cow may be 
• .transformed with IDNA encoding bovine growth* hormone (BGH) 
3.0 in order, to enhance levels- of BGH in- the' blood stream and 
. .enhance milk, production ; . . - ' v i<, 

The ,DNA ; > of.: interest is - preferably obtained from ai 
... source of the same species as/.the :mammalian subject to be 
treated .(e.g. ..human ;tp; . human) p. -butr ... this: • is not an 
. 3.5 absolute-, - requirement - . DNA obtained' from;-: a 'species 
\. t ' , different from the ■ mammalian subject : can,': aliso be used, 

■ : . r . particularly . wher^. ; , the, amino --acid; .:*segu'e-nces of the 
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proteins are. highly conserved and the xenogeneic protein 
is not highly immunogenic so as to elicit a significant 
undesirable antibody response against the protein in the 
mammalian host. 

5 Exemplary, preferred DNAs of interest include DNA 

encoding insulin, growth hormone, clotting factor VIII 
intrinsic, factor, and. erythropoietin . of particular- 
interest is intravenous protein therapy of a mammalian 
subject (e.g., a bovine, canine, feline, equine, or human 
10 subject, preferably a bovine or human subject, more 
preferably a human subject) "by expression of DNA encoding 
a protein (e.g., insulin, growth hormone, clotting 
factor VIII-, or erythropoietin) in . „ a transformed 
mammalian salivary gland cell, preferably a mammalian 
15 parotid gland cell. Preferably, the subject is a human 
sub ^ecf and the DNA - expressed encodes a human protein 
(e -9"\ human insulin, human growth hormone, human 
clotting factor VIII, or human erythropoietin). other 
exemplary DNAs. of- interest include tissue plasminogen 
20 activator (tPA) , urokinase, streptokinase, acidic 
• f ^obl-ast : growth"fSct6r, basic fibroblast growth factor, 
tumor - necrosis- -factor; alpha,' tumor necrosis factor'/?, 
transforming ; growth^ factor./?,^ platelet -derived growth 
factor, -endbthelian; and soluble CD4 . ,* Table 1 provides 
a 1-i-st of exemplary ^proteins and protein;: classes which 
can be delivered by -the -secretory gland gene 1 therapy of 
the invention. , 
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TABLE 1: Exemplary Proteins and Protein Classes for 
Secretory Gland Gene Therapy 



SPECIFIC EXEMPLARY PROTEINS 


insulin 


interferon -*y2R 


human growth hormone (hGH) 


uauaimiiuiig givwui i«KLrivJi ^ l VJ.T ^ 


erythropoietin (EPO) 


ct It tv neurite rrancfru'min <x fnmr\r fOXTTP'^ 


clotting factor VIII 


irKiilin-Iilrp omwfh farrnr-1 ^TriP-M 


bovine growth hormone flBGH^ 


£1 aUUiULjr l& 1 LUtLrl VpUulgC tUlUUY MirnUl«l Illg 

faaor (GM-CSF) 


platelet derived growth factor (PDGF) 


interferon^a2A 


clotting faaor VHI 


brain-derived neurite factor (BDNF) 


thromboooietin fTPO^ - ^ 


ty*ci?1 lTit rf »tStt> T '- -2 ■ - - ■ 
iLiam iHuupui 


IL-1 . . T £ 


tusuc pia5miuDgcn activator \itaj 


IL-2 ; * - - - 


urokinase r 1 


IL-1 RA * ■ •• ' '" : Ai - a 


str^tokinase 


superoxide dismutase (SOD) 


adenosine deamidase 


catalase 


calcitonin t >: . 


fibroblast growth factor (FGF) (acidic or 
basic) v z 


arginase 


neurite growth factor (NGF) 


phenylalanine ammonia lyase 


granulocyte colony stimulating factor (G- 
GSF) ■ 


*y- interferon N , - 


L-asparaginase 


pepsin 


unease 


trypsin 


chymo trypsin 


elastase 


carboxypeptidase 


lactase 


sucrase . 


intrinsic factor , 


calcitonin 


parathyroid honnone(PTH)-like hormone 


Ob gene product 


cholecystokinin (CCK) 


glucagon 


insulinotrophic hormone 
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TABLE I (com.) 



Exemplars [ Classes of pphtptvc 


proteases 


pituitary hormones 


protease inhibitors 


growth factors 


cytokines 


somatomediacs 


cheinokines 


immunoglobulins 


gonadotroph im 


interleukins 


chemotactins 


interferons 


1 lipid-binding proteins j 



15 



20 



Various disease conditions are amenable to treatment 
using the secretory gland gene therapy of- the invention 
One skilled in; -the art can recognize, the/ appropriate 
■protein which should be produced by the,, invention for 
treating specific disease conditions. Exemplary diseases 
which are amenable to treatment using the subject 
invention, and exemplary, appropriate proteins which can 
be used in treating these diseases, -are shown in Table 2 
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Exemplary Disease Conditions Amenable to 
Secretory Gland Gene Therapy 



5 


Enzyme Deficiency 
Adenosine deaminase 1 
Purine nucleotide phosphorylase 
Galactosidase 

^-glucuronidase _ 


Endotoxic Shock/Sensis ■ 
Lipid-binding protein (LBP) 


10 . 


Antioxidants for Cancer Therapy 

Superoxide dismutase 

Catalase 


Anemia ■ 
Erythropoietin 




Cancer 


Growth Factors (for use in wound healtne, 


15 
20 


of-lnterferon 
7-Interferon 
a-ILl 

Phenylalanine ammonia lyase 

Arginase 

L-asparaginase 

Uncase 

Granulocyte colony stimulating factor (G-CSF) 

Monftclnnal anrihvoriie^ 

Tissue necrosis factor 


induction of red blood cell formation, etc.) 

Epidermal growth factor 

G-CSF 

7-Interferon 

Transforming growth factor 
Erythropoietin - 
Thrombqpoietin 
Insulin-like growth factor- J 
Insulin " 
Human growth hormone 




Cardiovascular Disease 


Diabetes 


25 


Tissue plasminogen activator " . y'C'"- 
Urokinase (native or chimeric) 
a j -antitrypsin 


•■ Insulin 
Glucagon . 

Insulinotrophic hormone 




Antithrombin-III 

Other proteases or protease inhibitors 
Apolipoproteins (panicularly B-48) 
Circulating Scavenger Receptor 
APO Al 2 


Clottins disorders 
Clotting factor VIII 


30 


Obesitv and Feedihe 


Autoimmune diseases 




Ob gene product 

Cholecystokinin (CCK) .;, 


Intrinsic factor 

(for pernicious anemia, a vitamin B 12 
absorption deficiency) 



3 5 • 
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TABLE 2 (com.) 



1 Bone dts«fl«M t 
Calcitonin 




gistrpintestinal ami atic j^n,^^ 


PTH-iike hormone 




Fepsiu (fur esophageal reflux) 
Trypsin 
Chymo trypsin 
. Elastase 
Carboxypeptidase 
Lactase (for lactose deficiency) 
Sucrase 

Intrinsic Factor 


For srearment of severe combined immunodeficiency 


2 Converts iow-densiry lipoproteins to 


high -density lipoproteins ] 



IS 



20 



25 
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Numerous proteins ; which are desirable for 

intravenous protein therapy are well known in the art and 
the DNA encoding these . proteins has been isolated For 
example, the. sequence of ;the DNAs. encoding insulin, human 
. .^ r °^ h hpr^ne, . intrinsic ....factor.- clotting . factor VI II 
and erythropoietin are available from Genbank and/or have 
been described in the scientific literature <( e,g . , human 
clotting factor VIII.. . gene: ; Gitschier et. al . , Nature 
312:326-330, 1984;.Wpod et,al, ( .Nature 312:330-337 1984 ■ 
human,, intrinsic factor-, Hewitt et al .., Genomics 10:432- 
. 440, .19.91) . Proteins .commonly used in, treatments can be r 
used in the gene therapy procedures. .of., the^ present- 
invention. Such proteins ^are , disclosed .in, ,f or example , 
the Physicians' Desk Reference, (1994. , Physicians' Desk 
Reference, 48th Ed., Medical. Economics Data -Production 
Co. , Mont vale, NJ; inqorpprated by .reference) and can be 
dosed using methods described in Harrison's Principles of 
• internal Medicine, and/or . the. AMA. ."Drug . Evaluations 
Annual" 1993, all incorporated, by reference.. 
; / ' ; Where the DNA .encoding a .protein of interest -has not 
.?ff n .- J sola t. e - d ' . th f s .9an t be. accomplished by various 
> S ^ < ? a ^ d :^P toc °is. •well^knc-^i. to those,, of, -skill in the 
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art (see, for example, Sambrook et al . , ibid; 
Suggs et al . , Pzroc. Natl. Acad. Sci . USA 78:6613-6617, 
1981; USPN 4,394,443; each of which are incorporated 
herein by reference with respect to identification and 
5 isolation of DNA encoding a protein of interest) . For 
example, genomic or cDNA clones encoding a specific 
protein can be isolated from genomic or cDNA libraries 
using hybridization probes designed on the basis of the 
nucleotide or amino acid sequences for the desired gene. 
10 The probes can be constructed by chemical synthesis or by 
polymerase chain reaction (PCR) using primers based upon 
sequence data to amplify DNA fragments from pools or 
libraries (USPNs, 4 , 6 83 , 19 5-: and; 4y 6j83 5 , 2.02 );> Nucleotide 
substitutions, deletions, additions, and the like can 
15 also be incorporated into the polynucleotides, so long as 
• the ability of * the polynucleotide to hybridize is not 
substantially disrupted 7 ( Sambrook et f al . ibid) . The 
clones - may ^ be expressed or theT^ DNA of interest, can be 
excised- or synthesized for ' usfe in other constructs. /If 
20 desired, the DNS of interest can Ibe sequenced using 
' methods well knowh "in- 'the "art 

: In a preferred embodiment, the construct used in the 
present" invention i's' aesigned so as. .to --enhance protein 
secretion froth' the transformed secretory gland cell into 
25 ' th~e* blood - stream. "Secretory gland cells are normally 
polarized, with the apical surface oriented toward the 
ductal system and^ the A basblateraLl surface oriented toward 
the blood' supply. " Most proteins produced by the pancreas 
and salivary glands are 'released into the duct system and 
3 0 eventually into the' gastrointestinal tract. : However, 
some secretory gland proteins, such as kallikreins, are 
secreted primarily into the blood stream. Regardless of 
whether a specific secretory gland protein is primarily 
released "into the duct system or into the blood stream, 
3 5 there is a modest rate of transport of these same 
ptoteiriW 1 ' into ' the" secondary system. Secretory gland 
'^proteins fc-re" riot "normally" partitioned solely into the 
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; blood stream, or solely into the gastrointestinal tract 
For example,, amylase, which is primarily secreted into 
the . duct systems, is also released at a lower level into 
the. blood stream. 

5 The specific features responsible for mediating 

intravenous-directed or duct system-directed secretion 
have - not been described. However, when salivary gland 
cells are transformed with DNA encoding insulin according 
to the present invention, relatively little insulin is 
10 released into the .saliva as compared to the blood. This 
observation suggests that the polypeptide itself contains 
the information for targeting of secretion. 

. Preferably, the DNA of interest contains a secretion 
signal which .either directs secretion of the protein 
; primarily into the, duct system or directs secretion " of 
the protein primarily- , into the ■ blood stream 
Intravenous-directed secretion signals and duct system- 
directed secretion signals can be identified by, for 
example, site-directed mutagenesis of DNA encoding a 
ood , s ^ ean »'targeted protein (e ,g . /.-insulin) or a duct 
Wt^argeted ; prot«i 0 ,Ce..g. f amylase) . The mutants can 
be screened by expression of the mutated DNA' in secretory 
gland .cells and. subsequently determining the ratio of, 
for example,; salivary to .intravenous . expression. " ' 
Alternatively, intravenous -directed secretion signals and 
d ?<=t system^directed, secretion: signals can also be 
fdentified by constructing recombinant; chimeric proteins - 
composed of., for example, a putative 'intravenous 
secretion signal inserted into a, saliva-directed protein. 
Intravenous secretion signals would then be identified by 
■their .ability, to re-direct expression of the saliva - 
directed, protein ,, into the blood' stream/- Putative 
intravenous . secretion signals- and duct system secretion 
signals .can also be identif ied --by .comparison- of DNA and 
a . m i no . acid- sequences of. proteins- .which are pref erentially 
secreted into either the blood stream or the duct system, 
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respectively.. Areas of homology or common motifs among 
the. proteins could then be tested as described above. 

The DNA of interest may be inserted into a construct 
so that the therapeutic protein is expressed as a fusion 
5 protein (e.g., a fusion protein having /3-galactosidase or 
a portion thereof -at the N- terminus and the therapeutic 
protein at the C-terminal portion) . Production of a 
fusion protein. can facilitate identification of 
transformed cells ■ expressing the protein (e.g., by 
.10 enzyme -linked immunosorbent assay (ELISA) using an 
antibody which binds to the fusion protein) . 

It may also be desirable to produce altered forms of 
the therapeutic proteins" that are, for example, protease 
resistant or have enhanced activity relative to the wild-' 
15.- type protein. - For example, where- ari enzyme is to be 
.-.secreted into saliva <jr pancreatic juices; it "may be 
advantageous to modify : the -protein sd* that -ii> is 
... resistant, to digestive* prStea^es Further, where the 
. therapeutic, protein" is ■■■■^"K6Sntoii%i' # ' ; =it may he "desirable to 
20 alter the protein' s ability to form darners or mul timer ic 
complexes. .For •. example, insulin ' modified so as to 
prevent its dimerization has- a ih6re rapid' onset of action 
^relative to wild- type >--di"merized insulin . 

The- construct containing the DNA of interest'" can 
25 -also. be. designed so' as to provide for site-specific 
- : integration into- the genome of the' target secretory gland 
cell. For; example; a' construct can be produced -such that 
the DNA 1 of • .interest-" *and the promoter to which it is 
■i-.j-i 'op'erably linked are -flanked by the 'position- specific 
3A : : ^.int egr at ion -markers" of Sacehafrdmyc&s^cejrevlsia^ The 
construct - for — site-sp£cif ic r integration ^additionally 
contains. DNA encoding : a position-specific endonuclfease 
which recognizes- the > f integration ■* markers . Such 
- c.onstructs take advantage of ; the homology between -the Ty3 
35 v retrotransposon >~and various animal- retroviruses-. The Ty3 
: ::-,retrotransposon , facilitates ' ; insertion" -of'-- .'the : * DNA' of 
...- interest into the 5' flanking region of many different 
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tRNA. genes, thus providing for more efficient integration 
of the DNA of interest without adverse effect upon the 
recombinant, cell produced. Methods and compositions for 
preparation of such site -specific constructs are 
described in USPN 5,292,662, incorporated herein by 
reference with -respect to the construction and use of 
such site-specific insertion vectors. 

Trans format ion 

Introduction of the DNA of interest into the genome 
of the secretory: gland cell can be accomplished by 
various methods well .known in the art. For example, 
transformation -of. secretory gland cells can be 
accomplished by -administering the DNA of interest 
directly to- the mammalian subject (in vivo gene therapy) , 
or to a in vitro culture of a biopsy of secretory glands 
cells which are - subsequently transplanted into the 
.mammalian. SJibject after transformation (ex vivo gene 
therapy) . . .. 

• 20/. , - /The: DNA of interest ;,can -be delivered to" the subject 
or the, in vitro cell -culture as., for example, purified 
DNA, in a viral; vector (e.g. , adenovirus, mumps virus, 
retrovirus) , a, DNA- or . RNA- 1 ipbsome complex, or by 
-utilizing cell -mediated: gene transfer. Further/ the 
• 25 . . Y ec tbr, . when present in. noft- viral form, may be 
.... administered as a DNA or -RNA sequencevcontaining chemical 
•formulation coupled to a carrier molecule which 
-facilitates delivery; ::tp :the 'host^cell. Such carrier 
molecules can, for example, include- an antibody specific 
to : an antigen expressed on the surface of the targeted 
- secretol^/gland^cells/.: or some other molecule capable of 
interaction r with - a receptor associated with secretory 
gland cells. , .., - 

• The DNA or ,RNA sequence encoding the molecule used 
35 in accordance with the invention may be' either locally or 
. .systemically administered to the.;mammaiian subject, which 
-may be human or a non-human : mammal Me, g./ bovine, equine, 
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canine, feline) . Where the targeted secretory gland is 
a salivary, gland local administration is preferably by 
injection into or near a salivary gland or by retrograde 
perfusion of a .salivary gland duct system. More 
5 preferably the salivary gland is a parotid gland. Where 
the targeted secretory ; gland is the pancreas, local 
administration is preferably by cannulation of the 
pancreatic duct by duodenal intubation, using endoscopic 
retrograde chalangio-pancreatography (ECRP) . 
10 Systemic administration can be carried out by 

intramuscular injection of a viral vector containing the 
DNA of interest. Where the targeted secretory gland is 
a salivary ; gland, systemic administration is preferably 
by oral administration, of . a viral vector containing a DNA 
.. 15 r . of : interest-, preferably --a ^adenovirus vector, more- 
: . ..preferably, a mumps virus: vector or other- virus vector 
which substantially; -sp^s-Gif ££"£lly infects -cells of the 
salivary gland . Where 5 ishe- Hatr^eted '~ secretory gland' ;ris 
the pancreas, systemic administration is preferably 
2-0 achieved by administration of :<the DNA 'of interest in a 
viral vector or. DNA^contairiing u ; formulation (e.g. 
liposome) which binds the choleoystokinin (CCK) - receptor . 

As . indicated, above , =t*Ke secretory gland cells of . a 
patient may be transformed -e^c vivo by. collecting a biopsy 
25 of the secretory gland tissue, culturing secretory gland 
cells- from . the ■? biopsy Vitro,, "and ' transfecting the 
, cultured secretory gland cells" with a DNA of interest In 
vitro. The . res.ultihg .transf 6rmed secretory gland cells 
are then- implanted into ;fche mammalian' subj ect, pref erably 
3 0 into the corretisponding ^see^etory gland of the mammalian 
t.. •. subject..f rom, which^the' biopsy was -taken. Preferably/ the . 
secretory gland, ceils* are transformed^ In vivo by "either 
mechanical means (e .g. direct injection of the DNA of 
interest . into .or in -.the : region of the 'secretory gland or 
3 5 lipofection) or by biological means <e . g. >' infection of 
■ a sal iva;ry. gland *;w±th ; <a non- pathogenic vi'rus,' preferably 
•_a ^non-repli.cati ve virus/ ^containing t ; he' DNA o^-* interest) . 
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More preferably, the- salivary gia „ d ceils are transformed 

" / W ^ inf ' Ction " ith - -n-replicative virus 
containing the DNA of interests 

... The form of the preparation f or : transformation of 
5 the secretory gl and cells will depend ^ ^ 

factors, such as whether transformation is performed 
axr. vivo or m vivo, the secretory gland targeted for gene 
transfer, the route of -administration, and whether a 
biological or non-biological vector is employed. For 
10 example, where the preparation for transformation is 
administered via the oral route, the preparation may be 
formulated ' to provide mucosal resistance ( e g 
resistance to proteolytic digestion, denaturation in the 
mucosal environment, etc.). In addition to the DNA of 
15.. interest, such oral preparations can include detergents 
..gelatins., -capsules, or .other delivery vehicles to protect* 
against ..degradation. . , 

. Generally, transformation is accomplished by either 
■ infection of the secretory gland cells with a virus 
?P, preferably a .replication-def icient^virus.. containing the 
DNA of interest, or by a. .non-viral transformation method 
such as direct injection of the DNA into or near the 
... target: salivary, gland .cell , lipofectioh, , "gene gun" or 
.. other methods, well .known in the art, , The preferred 
5 „ . methodology .is ; : dependent upon whether • the gene transfer 

is performed , ex vivo or in vivo: 
. 3 . , Ex vivo secretory gland gene therapy is accomplished 
by. obtaining . a bippsy. of . tissue, from : a. secretory gland 
. and establishing a. .primary culture . of .these : secretory 
0 gland cells. Methods for obtaining salivary gland tissue 
biopsy and growing cells from this tissue rin vitro are 
. well known in, the art. Methods for separation of cells 
from tissue (see, for example, Amsterdam et al. , j Cell 
Biol, 63:1057-1.073, .i 9 ,74),. and methods for culturing • 
: . c 5 lls »i r.W-prq .are well known in the art.. 

, , ■ ..The .secretory gland cells in. the. in vitro culture 
5. ^.ithea, transformed, using- various methods ; known in the 
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art. For -example, transformation can be performed by 
calcium or strontium phosphate treatment, microinjection, 
electroporation, lipofection, or viral infection. For 
example, the cells may be injected with a moloney-LTR 
5 driven construct or lipofected with an adenovirus-, 
vaccinia virus--, HIV- , or CMV-prombter construct. The 
transfected DNA plasmid can contain a selectable marker 
gene or be co- transfected with a plasmid containing a 
selectable marker., - 
10 Where one or more selectable markers are transferred 

into the cells along -with the DNA of interest, the cell 
.. populations containing ' the DNA of interest can be 
identified and enriched- by selecting for the marker (s). 
.Typically markers provide' for "resa-stance to antibiotics 
15. . such as tetracycline,"; hygjromyciii, neomycin, and the like. 
- . Other markers can.vihdtide thymidine . kinase and.±.he like . 

The ability of the transformed secretory gland cells 
to express the DNA^crf int.- ere s t ^ c an be a ssessed by various 
- methods known in the'*art~r - For example , the ability of .the 
20 . cells to secrete the protein into the v cell culture media 
can be . examined by perf ox^ing'-^kn^-'feLISA'" 6h a. sample of 
.cell culture, supernatant using : £ri antibody which 
specifically binds . the -'protean- encoded 1 by the DNA- of 
interest. Alternatively, "expression : of the DNA": of 
25 interest can be -examined by Northern blot to detect mRNA 
which hybridizes wit:h a - DNA probe . derived a selected 
. sequence of the DNA 'of " interest - ■■ Those cells which 
: . express .the protein . encoded by -the DNA of interest can be 
further isolated and - expanded In-yin^yitro culture using 
.30,-; methods well known . in t:he J art . ■ • 

, After ^/expansion of the transformed secretory gland 
• cells . in vitro, - the . cells are implanted into the 
mammalian subject, preferably into the secretory gland 
from which-. the cells were originally .derived, by methods 
35,. well, known^ in the* art. Preferably the cells are 
implanted: in 1 .an area of dense /vascularization, ; . and in a 
r manner, -that minimizes evidence of ., surger^y --in the subject. 
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The engraft c f the implant pf transformed secrecory 
f " : examining the mammaliZ 

subject for classic signs of graft .rejection, i e 
inflammation and/or exfoliation, at the site ' of 

5 implantation, and fever. 

In vivo transformation methods normally employ 
exther a biological means of introducing the DNA into the 
target cells (e.g., a virus containing the DNA of 

10 rT^r^ ° r 3 meChanical means to introduce the DNA into 
10 the target cells (e.g., direct injection of DNA into the 
cells, liposome fusion, pneumatic injection using a "gene 
gun") . Generally the biological means used for in vivo 
transformation of target cells is a virus ,, particularly 
a vxrus which is capable of infecting, the, target cell . 
15 and integrating at least the DNA of interest into the 
, , . ^et cell's genome, .but ^ is not capable, of replicating, 
; such vxruses are referred to as replication^ icient 

vxruses or replication-deficient . viral vectors 
Alternatively, the virus containing the DNA of interest 
. 20 ....^. at : Cenuat ^ d /. i-^dpes not cause significant pathology, 
or morbidity in the^infected host (i.e., the virus ; is 
nonpathogenic or causes only minor disease symptoms) 

Numerous viral, vectors useful in ia vivo ' 
transformation and gene therapy are known in the art 
25 can be readily constructed^ given the skill and knowledge 
. . ■ „ in : the . ^.V. . Ex^Plary viruses include, .non- replica five ' 
mutants/variants of adenovirus, mumps virus, retrovirus 
... adeno-associated virus, " herpes . simplex . virus (HSV) ' 
cytomegalovirus (CMV) , vaccinia virus, and' poliovirus ' 
30 Preferably, the replication-deficient virus is capable of " 
: " lfeCtin 9. . ; ^ low ly. , . replicating. . and/or , terminally 
• .. : dlfferentiat K ,. c ^ls,; . since .. secretory ; glands are 
primarily composed of these cell types . Thus , , adenovirus 
. is a Preferred viral vector since. this .virus, efficiently " 
35 infect. .slowly replicating and/or. .terminally. 
: . . diffe ^tiated cells. ..More preferably, the viral vector . 
18 SpeClflc , or substantially specific for cells of the . 
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targeted secretory salivary gland. For example, the 
mumps virus is particularly preferred where the targeted 
secretory gland is a salivary gland. 

In vivo gene transfer using a biological means can . 
5 be accomplished by administering the virus containing the 
DNA to the mammalian subject either by an intraductal 
route, an oral route, or by injection depending upon the 
secretory gland targeted for gene transfer. The amount 
of DNA and/or the number of infectious viral particles 
10 effective to infect the targeted secretory gland, 
transform a sufficient number of secretory gland cells, 
and provide for expression of therapeutic levels of the 
protein can be readily determined based upon such factors 
' - as the efficiency of the transformation ii\ vitro, the 
15 levels of protein expression achieved in vitro, and the 
. ; ; susceptibility bf the targeted secretory gland cells to' 
transformation. For* example, where the targeted 

secretory gland is a salivary gland and where a virus 
- containing th& DNA of interest is administered- orally, 
20 the. virus will be administered at a . concentration 
effective to infect salivary gland cells of the mammalian 
.subject and provide for therapeutic levels of the protein 
in, either the blood or the saliva. 

Various mechanical means can be used to introduce a 
25 DNA of interest directly into a secretory, gland for 
expression in a secretory ' gland cell of a. mammalian 
subject. For example," the DNA of interest -may be 
introduced in£6 a salivary gland by percutaneous 
v.injection or by retrograde injection . via the * ducts 
3 0 , ;lea.ding from the oral mucosa to the salivary gland. 
.Preferably, the DNA is injected. per cutaneous ly into -the 
- parotid gland of* the; mammalian subject. Where the 
secretory gland is'the pancreas'/ direct . administration of 
the DNA of interest into' the pancreas can be accomplished 
• 35 : by ; cannulation.-. of the pancreatic duct by, for .example 
.:duodenal intubation. Alternatively,; administration of 
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the virus containing the,: DNA of interest may be 
accomplished by intramuscular injection. - 

The DNA of interest may be naked (i.e., not 
encapsulated), provided as a formulation of DNA and 
cationic compounds (e.g.., dextran sulfate), or may be 
contained within liposomes. Alternatively, the DNA of 
interest can be pneumatically delivered using a "gene 
gun" and associated techniques which are well known in 
the art (Fynan et al . Proc. Natl. Acad. Sci . USA 
90:11478-11482, 1993) . Where the targeted secretory gland 
is a salivary gland, the DNA of interest is preferably 
introduced by direct percutaneous injection of naked DNA 
into the salivary gland, preferably into the parotid 
gland. . _ 

15 The amount, of. DNA. administered will vary greatly 

according to ; ,; number': > of factors, - including the 
susceptibility of.the target cells to transformation, the 
size and weight of the subject,, the levels of protein 
expression desired, and the condition, to be treated. For 
, 20 example, . the .amount pf , DNA injected into a secretory 
gland of a human is. generally, from about 1 fig to 200 mg, 
preferably from, about 100 ^g to 100 mg, more preferably 
from about 500 tig to 50 mg, most preferably about 10 mg. 
, The amount of DNA, injected into the . pancreas of a human 
25 , . is ' f 0 .^: example, generally from about 1 fig to -750 mg, 
..-preferably from about 500 ^g to 500 mg,., more; preferably 
from about -10 mg to 20.0, mg, most preferably about 100 mg. 
Generally, the amounts of DNA for human gene therapy can 
be ext ra p 0 ;L at . e d! frpm v ;tb,e ; amounts of DNA effective" for 
.30 gene therapy in an animal model .• ■ For example,, the amount '. 
of DNA for gene therapy ;in . a -human is roughly 100 times ' 
the amount .-of DNA effective, in gene therapy in a rat . 
The amount of DNA necessary to accomplish secretory gland 
cell transformation will, decrease with an increase in the 
35 efficiency of- the transformation method used. 
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Intravenous and gastrointestinal protein therapy bv 
transformation of salivary aland cells 

Secretory glands transformed according to the 
invention facilitate high level expression of a DNA of 
5 interest, particularly where the DNA of interest is 
operably linked to- a strong eukaryotic promoter (e.g., 
CMV, MMTV, or pancreatic or salivary amylase promoters) . 
The expressed protein' is" then' secreted at high levels 
into the blood stream or into the gastrointestinal tract 
10 via saliva or pancreatic juices. The protein so 
expressed and secreted is thus useful in treating a 
mammalian subject having a: variety - of conditions. For 
example, secretion of a& appropriate * protein into the 
saliva is useful in preventing or controlling various 
15 upper gastrointestinal^tract diseases^ e . g . , in treating 
chronic, infect ions-; v of - ^he. oral ..-fcavifcy , v (e ■ gl , bacterial 
, or ; fungal infections )^i^n^t2?eating degenerative disorders 
.; of - the salivary, g.l-ands, in -tteStirig' salivary glands 
damaged . by irradiatrofc^; : - "6't l '■ ^%-s : ' : -a^ replacement ;v or 
20 supplemental protein ^ : therapy , - . Secretion of an 
appropriate protein into the pancreatic juices is useful 
in preventing > or -controlling various lower 
. gastrointestinal diseases, e.g. in treating chronic 
infections of the stomach and/or intestinal tract in 
-2-5 treating degenerative- pancreatic disorders; or as a 
replacement or > .supplemental protein ■ therapy (e.g., 
• diabetes,, -intrinsic factoi? deficiency, digestive -enzyme 
deficiencies) . . ? -*-" 

In a preferred, embodiment the proteins are secreted 
.30 . into , the blood., stream " at. levels sufficient for 
intravenous . protein therapy . For "example, the normal 
amount of a specific protein released-into the blood from 
the pancreas can be substantial/ e.g. as much as 25% of 
the amount of duct-directed protein secretion. Blood 
3 5 stream levels of the:;:therapeutic protein may be enhanced 
by integration of- tpultiple copies of the DNA of interest 
into the genome o,f... the target cells, and/or by operably 
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Ixnkxng a strong promoter (e . g a promoter from CMV) 
and/or enhancer elements to the DNA of interest in the 
construct. Blood stream levels may also be enhanced by 

xmplanting a greater number of transformed cells (e * vivo 
5 gene therapy) or transformation of a greater number of 
target cells in_ the subject (in vivo gene therapy) A s 
discussed above, secretion of the therapeutic protein may 
also be enhanced by incorporating leader sequences, amino 
acid sequence motifs,, or other elements . which mediate 
10 intravenous-directed secretion into the sequence of the 
therapeutic protein. 

Overall secretion from secretory glands is augmented 
by hormonal stimulation. For example, where the protein 
is .primarily secreted into the duct . system and is 
15 secreted at lower levels into the blood stream, hormonal 
. stimulation enhances .both ductal . ahdv , intravenous 
secretion: . Thus,, therapeutically effective levels of the 
protein in the gastrointestinal tract and- the blood 
stream may be- achieved or enhanced by administration of 
. .20 an appropriate,, secretory gland, speed fie- -hormone. For 
example, secretory gland secretion can. be enhanced by 
administration of a cholinergic agonist such as acetyl-0- 
methyl choline . 

The actual number of transformed, secretory gland 
25 : cells . required, to achieve therapeutic . level, of the 
Pjotein of interest .wiUvary according to several 
factors including the protein to be expressed, the level 
.. of expression of the , protein by the transformed cells,. . 

. the rate of , protein secretion,, the , partitioning of the. 
30 therapeutic protein, .between the gastrointestinal tract 
■ • and the blood ; stream.,, .and;, the condition to be treated. : 
For example, the desired intravenous level of therapeutic 
protein can be. readily calculated by determining the 
level °f the protein present in a normal, subject (for 
35. treatment^ a .protein deficiency) , or., by .determining the^ 
leve1 .. ot protein, required to. effect . the desired- 
,; r ^^Peutio result. The level of expression of the 
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protein from transformed cells and the rate of protein 
secretion' can be readily determined in vitro. Given the 
in vitro levels "of protein' expression and secretion, and 
the • estimated ~ intravenous level of therapeutic protein 
5 desired, the number of cells which should be transformed 
to effect the desired levels can be readily calculated, 
and the gene therapy protocol carried out accordingly. 

A' general schematic diagram showing the production 
of vectors and transformed secretory gland cells 
10 according to the invention is provided in Figures 3A and 
3B. . . 

' Assessment r bf protein therapy 
.15 Following either ex vivo or in vivo transfer of a 

DNA of interest irft'o a r secretory gland, the effects of 
- expression of the protein encoded by the DNA of interest 
can be monitbred in a Variety of ways. Generally the 
: presence of the protein in either a sample of bloody or 
2 0 a -sample of saliva, pancreatic juices, urine, or mucosal 
secretions from "the subject can be assayed for the 
presence of the therapeutic proteirx. Appropriate assays* 
for detecting a protein of interest; in either saliva or 
blood samples kre well Khown in the art . For example, 
2 5 where -se'cf^tory gland gene therapy has- been performed to 
■ accomplish : int ravenous protein therapy > a sample of blood 
* -can be tested for the' presence - of the protein using an 
antibody which specifically binds the therapeutic protein 
in -an ELISA ' assay . , v " This assay - can be performed either 
30; qualitatively : or quantitatively : % . The ELISA assay, as 
well as - other 'immunological assays for detecting a 
protein in : a sample, are" described in Antibodies: A 
Laboratory Manual (1988, Harlow and Lane, ed.s Cold 
..Spring' Harbor Laboratory, Cold Spring Harbor, NY) . 
35 ; . Alternatively, or iri addition, the efficacy of the 
protein . therapy can be assessed by testing a sample of 
blood; T-br saliva, oir pancreatic ' juices or -mucosal 
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secretion for an activity associated with the therapeutic 
protein (e.g., an enzymatic activity). For example 
where the therapeutic protein has antimicrobial activity' 
the efficacy of therapy can be tested by examining the 
ability of the test sample to inhibit bacterial growth 
Furthermore, the ..efficacy of secretory gland gene therapy 
can be assessed by monitoring the condition of the 
mammalian subject for improvement. For example, where 
the therapeutic protein is erythropoietin, the subject's 
blood is examined for iron content or other parameters 
. associated with anemia. -Where the therapeutic protein is 
insulin, the efficacy of the therapy can be assessed by 
examining blood glucose levels of the mammalian subject 
or. by measuring insulin (e.g. , by using the human insulin 
15 radioimmunoassay kit, Linco Research Inc., St Louis 
- . MO) . ....... ■ ... ..... 



EXAMPLES - 

. The . following examples- are put forth so -as to 
provide those, of- : ordinary skill . in the - art : with : a 
complete disclosure and .description of how to "carry out 
the invention and is not intended to limit the scope of 
what the^inventors- regard as their invention. Efforts 
have been-made to ensure accuracy wit'h respect to numbers' 
25 used (e.g., amounts,: temperatures, "etc), but some 
. . .experimental error and deviation, should be accounted for. 
Unless, indicated otherwise,, parts are parts by weight ; 
molecular weight is - weight average molecular weight ', 
temperature ;-ds . in : . degrees Centigrade , and pressure is at 
or near atmospheric. 
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. Example 1; In vivo gene t ra nsfer t n . salivary-- glands- W , 
injection of naked DNA encoding insulin 

Four adult rats weighing approximately 300 g each 
35 were anesthetized with an intraperitoneal injection of 
sodium, pentobarbital. An incision was made parallel to 
the line. of. the mandible and both parotid, glands exposed 
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, by dissection. - Two rats received a total' of 100 /xl of 
0.5 /ig//xl pBAT14.hIns plasmid which contains cDNA 
encoding human insulin (Figure 1), while the remaining 
two rats received 100 fjtl 0.9% saline (sham animals) . The 
5 test and control samples were administered by multi-site 
subcapsular injection to each parotid gland of each 
animal . No significant leakage of material or bleeding 
. occurred. The wound was closed after administration. 
After 3 hours, the animals were awake, drinking water, 
10 and appearing normal.- - 5 

- -Approximately "24 hours af ter ; cDNA injection, the 
animals were again anesthetized - and a tracheostomy 
performed. A control blood sample was drawn from the 
femoral vein of each animal: V The ^cholinergic agonist 
15". acetyl ~/3-methyl choline ' ■ CMeHO'^-Was injected into each 
subcutaneously at. 0.8 mg/kg body weight into each animal. 
. The - salivary glands appeared normal and showed no signs 
of inflammation; TWfenty minutes after McH injection, 
saliva and blood samplescwere- collected from each animal . 
20 The blood samples were- Collected- from the inferior vena 
.cava and by heart puncture . ^Serdth was separated from the 
..blood of all -samples after-: clotting; and kept at ;-20°C 
prior to assay. In addition; "•biadd . was collected f rent: 1 0 
nopal rats , and serum prepared ' to - determine the, ; blood 
25 . level, of insulin , in untreated • rats . - , 

:.-The results of ,this experiment are shown in Table d. 
, ,;The -level, of insulin in xhe -blood of trarisf ected animals 
.. : and in. blood of untransf ected animals was. essentially the 
....same*-: Administration of McH -induced- an increase in* serxim 
3 0 insulin levels, in both the control 1 and trans fee ted 
^nim^ils.. The concentration of insulin was higherraf fc%r 
McH ^stimulation in, the two itransf ected. ..^animals than >in 
the McH-stimulated pontrol animals . • . 
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.TABLE 3 



Treatment 


Insul in ( ^TT/ml ) 


Normal (untreated) 


2.6 


cDNA 1 

-McH 
+McH 


1.4 
10. 0 


cDNA 2 

-McH 


2.5 
11.6 


Control l : 
-McH 
+McH 


2.0 
5.6 


Control *2 * 
-McH 
+McH 


2,0 
9.2 
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Example 2 : In vivo q ^ transfer Vo nmHrr^r ^ hy 

20 . "action "f ^ inrrPised rin Caqo > ak ^ nMa ^^ iT1 _. 
insulin 

In a second, experiment, four adult rats weighing 
approximately 3 00 g each were anesthetized with an 
intraperitoneal inj ection of sodium pentobarbital . Two- 
rats received a total of 100 M l of 1-1.2 M g/^i 
pBAT14/hInsplasmid; containing cDNA encoding human 
insulin, while the remaining two /rats ..received 100 M 'i 
0.9% saline . (control animals) . The test' and control 
samples' were administered, by mult i- site '. subcapsular 
injection to each parotid ..gland of each .animal as 
described *boye in Example.- 1, and the wound closed after 
administration. 

. Approximately 24 'hours after injection, the animals 
were again anesthetized, 'felood samples drawn from each 
animal , and, the cholinergic agonist McH "administered at 
0.8. mg/kg body weight by subcutaneous inj ection . Twenty 
minutes after McH injection, . .blood samples were drawn 
from the . inferior vena; cava;Vand by heart puncture of each 
animal. Serum was separated from the blood of all 
samples after clotting; 'and kept at -20°C prior to assay 
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for insulin . The parotid glands of all animals looked 
normal and showed no signs of -inflammation. 

As: : shown in Table 4, the levels of insulin in the 
blood of the transf ected animals was substantially higher 
than in the previous experiment, suggesting that the 
increased dosage of cDNA resulted in increased insulin 
production- Insulin levels in the transf ected animals 
W ere elevated by McH stimulation. Moreover, the animals 
transfected with 100 /ig-120 /xg cDNA had about 50% greater 
insulin levels after McH stimulation than the animals 
transfected with 50 fig cDNA described above . 



15 



20 



Treatment 


Insulin (/iU/ml) 


cDNA 3 ' 

■ +MCH . • " 


6 ;4 ; " "* 
1'5 ,2 : ' ' 


CDNA 4 

-McH . .... . ... . " 

+mc'h ' 


7,2. . 
15.2 ' ' 



Example 3 



Effects of isoorenaline stimulation . on 



2 5 expression of insulin following in vivo transformation of 
salivary glands ... 

Two transf ect£d ' 'rats and two control rats were 
treated using the same" protocol, vector, and dose as in 
Example 2. Approximately 24 hours after injection, the 

30 animals were again anesthetized, blood samples drawn from 
each animal, and the .adrenergic agonist; isoprenaline 
. (IsO) was administered at 0 . 1 >g/kg body weight by 
subcutaneous injection.; 7 Twenty minutes- after Iso 
injection; blood samples were drawn from the inferior 

35 vena cava ' and by heart puncture of each animal. Serum 
was separated from' the;.' /blood of ' all * samples after 
clotting', and kept, at -20°C prior to assay for insulin. 
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As shown in Table 5, the bipod insulin levels in the 
transfected animals. was substantially elevated relative 

bLo7 tr °Y Va \ UeS - ?njeCti0n ° f Iso - effect upon 

blood insulin levels. . 



TABLE s 



1*0 



15 



Treatment 


Insulin ( fiTJ/ml ) 


cDNA 5 

-ISO 
+ IsO 


8.5 
8 . 0 


cDNA 6 

-IsO - • 
+ IsO 


6.4 
8 . 0 
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25 



30 



35' 



• & 0' 



Example 4: ^f^ t , nf strm ^ nt . n ^„^ jnwn1 , w 
xn -ratR following fnvjvo r^ nqfpr of cDWA 

insulin to sal Warv q lar^e • ■ 

Streptozdtocin, which induces diabetes mellitus in 
rats, was administered to three adults rats , weighing 
approximately 220-230 g at 70 mg/kg body weight by 
intraperitoneal injection.; The animals were anesthetized 
by intraperitoneal injection of sodium pentobarbital 
Two of the animals were injected with a 50 M l volume of 
..2..H?/fil P BATl4.hInsplasmid. which contains cDNA encoding 
human insulin. The remaining rat received 100 M l o 9% 
saline; (controls, animal).. The -test and • control samples 
were administered by multi-site subcapsular injection to 
each parotid gland of each animal as described in Example 

, ; V Approximately ; ' 48 hours after" ciSfk" " or saline 
injection, the animals were again anesthetized and a 
tracheostomy performed/ A'control' blood' sample was drawn 
from the^.femorai-vein^f-each'anWi. McH was 
administered at O.'s mg/kg body weight ' by ' subcutaneous 
■injection. Twenty minutes after McH injection, saliva- 
and: blood samples were collected from each animal. The 
blood samples were collected from the inferior ven cava 
ana: by -heart- puncture.' 'Serum was separated from the 
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blood of all samples after clotting, and kept at -20°C 
prior to assay. In addition, the salivary glands and a 
portion of the pancreas were removed and homogenized in 
50 mM phosphate buffer (pH 8.0) 1:10 w/v. The 
homogenates were spun at 50, 000 x g for 1 h and the 
supernatant stored^at -20°C. A small portion of parotid 
and salivary glands were fixed in 10% buffered formalin 
and saved for histologic examination. The parotid glands 
showed no observable signs of inflammation as a results 
of cDNA injection. 

As shown in Table 6, streptozotocin administration 
decreased the blood levels of insulin., in the transfected 
animals . Stimulation with McH was effective in 

increasing serum insulin levels in . one^ .-.of the two 
transfected animals, but" not in the control animal. 



TABLE 6 



20 



25 



Treatment 


Insulin ' (^U/ail) 


Glucose (mg/dl) 


cDNA 








-McH.. 


0 


.5 


26 8 ■ 


+KcH 


8 


. 8 


385 


CDNA 








-McH 


1 


6 \ ■■- ■■ - - 


321-" 


+McK 


"l- 


0 . , - . ■ 


■,4 13 


Concrpl 








-McH 


5 . 


2 ' 


230 


+McH 


4 . 


8 < 


'3 3 5 - ■ • 



Example 5 : Summary of results -of in -vivo dene- transfer 
• to salivary glands by percutaneous; injection of naked DNA 
encoding insul in , L „ • . 

Nine adult rats , were ..anesthetized, with an 

35 intraperitoneal injection of sodium pentobarbital. Six 
rats were injected percutaneously <with , DNA encoding 
insulin. Two rats received! a 10.0, fil volume of. 0.5 fig/ fil 
pBAT14.hIns plasmid which contains cDNA encoding human 
insulin {low dose animals) r . while the- four other 

40' transfected rats received a 100 /il- volume-' of 1.0 fzg//xl 
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20 



25 . 



3 0 



P BATl4.hIns (high dose animals). The remaining three 
rats received 100 M l 0.9% saline (sham animal). 

.-• Approximately 24 hours after injection, the animals 
were again anesthetized. , Control blood samples were 
drawn from the femoral vein of each animal. Two of the 
control animals,. two of the low dose animals, and two of 
the high dose animals received a subcutaneous injection 
of 0.8 mg/kg body weight . McH. Two of the high dose 
transfected animals received a subcutaneous injection of 
the adrenergic agonist . IsO at 0. 1 /xg/kg body, weight . 

- Twenty minutes after McH or : Iso injection, saliva and 
blood samples were collected from each animal. The blood 
samples were collected from the inferior ven cava and by 
heart puncture. Serum was separated from the blood of. 
all samples after clotting, and kept at ' -20°C prior to 

- assay.-" - 

- The results of' this experiment are shown in Table 7 . 
The serum insulin levels were highest in the high dose 
transfected animal- 'group. The serum insulin levels of 
• the low, dose transfected group and the control group were 
similar. After stimulation With McH, ''• serum insulin 
levels- were again markedly higher in the high dose 
transfected group than in either the low dose transfected - 
or the... control groups. Serum insulin levels after McH > 
stimulation- were higher in the low dose transf ected group - 
than in- the control group. Iso injection of high dose 
transfected rats had' no significant 1 effect 'upon serum 
insulin levels as compared to serum insulin levels in the 
absence of agonist; These "data show that high dose cDNA 
increase both unstimulated ( -McH) and McH-stimulated 
insulin responses. .-/ 
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Average values for the effect percutaneous 
administration of human insulin cDNA to parotid aland 
5 on serum insulin 



10 



Treatment 


Insulin (^U/ml) 


Control 

Low dose cDNA (0.5 fig/ fil ) 
High dose cDNA (1.0 ms/mD' 


2.5 (12) 
2.0 (2) 
7.4 (6) 


With ' cholinergic stimulation (McH) 


Control 

Low dose cDNA (0.5 jzg/jtl) 
High dose cDNA (1.0 m^/mD 


7.6 (2) 
13.0 (2) 
15.2 (2) 



15 ^ , - r 

( ) - # of animals 

Example 6: .Ex vivo gene transfer of' DNA encoding 
erythropoietin into a human- salivary -aland . 
2 0 A biopsy of a human parotid gland- ^is . obtained by 

surgical incision and extract ion, of,, a small (1 cm 2 ). , .tissue 
sample. The tissue sample is pas/gedu.through a sterile 1 
. . mm 2 mesh screen to provide . <a r s ingl^er ; c e 11 suspension of 
salivary gland cells :# The,. ceiLls . vare'.-.transf erred to a 
25 tissue culture f lask ;fri(i ^ihcufc>ated in. complete tissue 
culture medium in a tissue culture - incubator at 37-°C, 5% 
CQ 2V When the ; flask reaches, approximately 70% .tO\ =9 0% 
confluency, ; the cells are ? • remoyed from the flask, by 
incubation in sterile phosphate rbuffered : saline (,PBS) 
.30 containing EDTA. The , cells are then,, split into two 
flasks and incubation .—is* continued... After these,, cells 
.reach, conf luency in. the ^f lasks , the culture medium .is 
replaced with.,. medium, containing.; . liposome.^ containiincf DNA 
encoding erythropoietin, The erythropoietin DNA is 
35 operably linked to the salivary amylase promoter vand^is . 
additionally - linked to a gene encoding neomycin 
resistance. The cells are incubated for 24 hrs iri the 
presence of the liposome -containing medium. The medium 
is then removed and replaced with fresh medium containing 
4 0 neomycin. After an additional two , to three days 
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incubation, the cells are again split into two flasks and 
grown to confluency. 

To determine whether the transformed cells are 
producing and secreting erythropoietin, a sample of the 
5 cell culture medium is examined by Western blot 
Briefly, the cell supernatant sample is collected and 
concentrated by ultrafiltration using a filter which 
allows filtration of proteins of ' only an appropriate 
molecular . weight range. Protein concentration is 

10 determined using Lowry' s method (Lowry et al . . J Biol 
Chezn. 193:265-275, 1951). The samples are then' subjected 
to polyacrylamide gel electrophoresis. The size of the 
protein (s) is estimated using prestained protein 
molecular weight standards, the electrophoresed proteins 
15 are transferred to nitrocellulose membranes » and the 
transferred proteins detected by Western blotting (Towbin 
et al., Proc, Natl. A«*S. Sex. USA 76:4350-4354, 1979) 
using a mixture of ; mouse antisera against the protein 
encoded -by the DNA of interest. The immunoblots are 
developed by incubating the antibodies with goat anti- 
mouse i gG conjugated to alkaline phosphatase. The 
conjugate iS made visible by reaction of the immunoblot 
with the _ chromogenic. -substrate ,. 5-bromo-4-chloro-3- 
indolyl -phosphate/p-nitro blue tetrazolium chloride. 
Expression and . secretion of erythropoietin by the 
.transformed cells. is,,correlatred with the presence of a 
protein band^of a^opriate: molecular^ weight on the 
. immunoblot . • , 

The transformed cells are then removed from the 
3 0 flasks and implanted into the parotid gland of the 
patient. The establishment and- acceptance of the implant 
is ; monitored at least daily : ;* /The > expression of 
erythropoietin by the. implant and the secretion of 
. erythropoietin into the .blood stream of the patient are 
35 determined by ELISA. Briefly, a sample of blood is 
collected and the sample . subjected to centrif ugation . 
The serum is then collected and applied to a microtiter 
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plate having bound to its surface an anti -erythropoietin 
antibody. The wells of the plate are then washed with 
buffer, and a second anti-erythropoietin antibody is 
applied to the wells. Following incubation, the wells 
5 are again washed to. rid of excess second antibody, and an 
antibody- which .-specifically binds - the second, 
fluorescent ly labeled anti-erythropoietin antibody is 
applied to the wells, "• After a final incubation and 
gashing step to rid of unbound material , the label is 
10 then detected with - an ELISA reader. Detection of a 
fluorescent signal is indicative of the presence of 
erythropoietin, in - the - • blood sample and thus the 
expression and secretion of erythropoietin by the 
implanted cells. -L / 3:.^. 
15 _ / ,.. -* ... ■ ' 

• Example- 7-: In. ■ viv o^;g©ne" transfer " of ' DNA encoding 

clot-ting factor VI 1 1 bv oral infection with a 

replication-deficient adenbvirus . n 

A DNA f ragment :confaihing the DittA sequence encoding 
20 clotting factor VIII (Gitschier et al\ Nature, 312:326- 
330, 1984; Wood et al . -Nature, 312: 330-337 , 1984) is 
operably .linked to • -the-- molbney-LTR promoter. This 
prompter -clot ting -factor VIII cassette" is inserted- into 
, a replicati*on-def icieht * 'recombinant' adenovirus vector . 
25 The ^adenovirus vector has been constructed so that the 5 ' 
end of the? -El promo t'er -.and a portion of the E3 regions " 
are deleted. The ' promoter- clotting factor VIII DNA 
cassette is inserted at the site of the El deletion. 
Adenovirus, -vectors are prepared; purified, and titered as • 
30 previously described- (Rosenf eld et al . Science 252:431- 
434, 1991; Rqseiif eld etrual. , Cell 68: 143 -155, 1992 ) . 

: Approximately. 5 x i0 9 pfu (plaque- forming units) of 
the recombinant virus containing clotting factor VIII DNA 
are orally, .administered.. . Expression* of the clotting 
35 factor VIII DNA and intravenous secretion of clotting 
factor VIII dre assessed as described above. 
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Example 8-. Tn vivo gene transfer o f DNA coding h„n, a n 
growth hormone hy retrog rade injection of nwa 

A DNA fragment encoding human growth . hormone (hGH) 
is operably linked to the LTR of Rous sarcoma virus, 
5 which serves as a promoter, and the SV40 type T antigen, 
which serves as' a nuclear localization signal . This 
promoter-localization signal-hGH DNA cassette is then 
inserted into the bacterial plasmid pBR322 . Escherichia 
coli is then transformed with the plasmid using 
10 conventional transformation procedures. e. coli 

containing the plasmid are selected by virtue of the 
tetracycline or ampicillin resistance encoded by pBR322, 
and the transformed bacterial cells propagated in 
culture.' Plasmid DNA is then isolated from the 
15 transformed bacterial cell culture and the DNA purified 
by cesium gradient. 

Approximately'- 10 mg to 20 " mg'o'f the purified plasmid 
DNA containing hGH DNA is injected into the salivary 
gland of a human patient 'by retrograde injection via ■ a 
salivary gland, duct'. ' " Expression and ' 'intravenous 
secretion of the protein is assessed using the method 
described above. 

Example 9: In vivo gene transfer' of dna encoding human 
25 growth hormone by retr ograde injection of dna into r.h<=> 
pancreas ' * '"' ■■"' ''] '~ 

Four constructs for expression of human growth 
hormone (hGH) were prepared using techniques well known 
in the* art (see, for example, Sambrbok et al . ibid) . The 

30 first construct, pFGH, contains the genomic hGH DNA 
sequence ' inserted "in the commercially available vector 
pBLUESCRIPT SK+™ "(Stratagene, LaJolla California) (Fig. 
4) . Because the hGH coding sequence is not linked to a 
promoter, ~ this vector provides for no or only low- level 

3 5 hGH expression. Thus the " pFGH construct serves as a 
negative control "for hGH expression in the pancreas. The 
second construct, pFGH.CMV, was constructed by operably 
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inserting the promoter from the immediate early gene of 
human CMV upstream of the genomic hGH sequence of the 
pFGH vect'Oir" (Fig. 5). The third construct , pFGH.chymo, 
was constructed by operably inserting the rat 
5 chymotrypsin B gene promoter upstream of the genomic hGH 
sequence of the pFGH vector (Fig. 6) . The fourth 
-construct, pFGH.RSV, was constructed by operably 
inserting the promoter from the long terminal repeat 
(LTR) of RSV upstream of the genomic hGH sequence of the 
10 pFGH vector. 

Each of the four vectors was used to transfect the 
pancreas of approximately 300 g adult rats (pFGH + 
lipofectin, 4 rats; pFGH. chymo + lipofectin, 4 rats; 
pFGH . RSV ~+ lipofectin , 4 rats / . pFGH . CMV + lipofectin, 10 
15 rats r pFGH. CMV without, . lipofectin,^ . 7, rats; negative 
control (no DNA, no lipofectin), J3 rats) . Pancreatic 
transf ection, was accomplished ..by first, anesthetizing the 
rats and performing a laparotomy to expose the . duodenum*. 
The pancreas and the associated common bil$ duct were 
20 identified, and the common bile duct was cannulated 
either extraduodenally or through the papilla of Vater . 
The hepatic duct was occluded, and 100.^1 of phosphate- 
buffered saline (PBS) containing one of the four vectors, 
or 100 fil of PBS alone as a negative control, were .slowly 
.' 25 injected or ' "infused into, the pancreatic duct in a 
retrograde" direction. The" vector- containing solutions 
were composed of 8 jig DNA, per;, 100 fil in">BS, either with < 
or without 6% lipofectin, a ' cationic . lipid used to 
increase transf ection efficiency. „ Thet solution was left 
3 0 in place for 5 rain before, secretory flow was allowed to 
resume and hepatic duct blockage removed.. The catheter 
was left in place and ; inserted into the duodenum through 
a small' hole to ensure adequate biliary and pancreatic 
flow post-operatively. The* abdomen was then closed with 
3 5 sutures. The animals, recovered fully and rapidly from 
the surgery without obvious side effects. This 



BNSDOCID: <WO 9630050A1J_> 



WO 96/30050 



PCT/US96/03722 



transfection method provides direct access of the vector 
to over 90% of the pancreatic gland cells. 

At 4 8 hr after surgery, a blood sample was obtained 
to measure serum . hGH levels, and the rats were 
5 sacrificed. At autopsy, the pancreas of both control and 
test rats appeared normal, and exhibited no gross or 
•microscopic pathology. 

The pancreas was dissected free from the mesenteric 
suface and was homogenized in cold 0.2 M (pH 8.0) sodium 
10 phosphate buffer (1:10 w/v) containing protease 
, inhibitors aprotinin, leupeptin, peps t-a tin, and PEFABLOC 
.SC™. . Homogenization was completed by shearing after 
10 passes with a motorized pestle at approximately 
4000 rpm in a glass homogenizer. The hombgenate was then 
15 centrifuged at 1000 g for 15 min. The supernatant was 
■ -collected and stored at -80°C until analysis. The levels 
of hGH in the serum and pancreatic protein samples were 
measured using the hGH radioimmune assay (Nichols 
Institute) Each, assay was performed in duplicate and 
20 . .compared . to a., set of... control samples . 

Rats injected . with the pFGH CMV vector .expressed 
higher levels of hGH in the pancreatic* tissue (Fig. 7), 
compared to-., background levels- of pancreatic" hGH 
expression irj. rats injected with either no .DNA {PBS 
25 . alone) or the pFGH vector . (hGH : DNA with ; no promoter) . 
. The . addition of . lipof ectin - modestly increased ' hGH 
expression in rats injected with the pFGH.CMV construct . 
In addition, . rats transf ected with the pFGH. CMV vector . 
. secreted hGH in the \ serum at levels increased relative to 
30 hGH secretion levels ,in rats injected with -either control 
samples (no DNA or pFGH, or with samples containing hGH 
DNA linked to either, the : chymotrypsin B or RSV promoters 
(Fig. 8) , In Fig. 9, all data from the above experiments 
(including: all controls "and vectors)- are analyzed by 
35 . plotting the . hGH -serum levels against ' the- *hGH -tissue 
_ levels... ; This - graph shows that higher tissue levels 
:>;V re s^ltrrin ..higher levels of - secretion - into the blood. 
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Thus, retrograde- pancreatic injection of the pFGH.CMV 
vector successfully transfected pancreatic cells to 
provide both hGH pancreatic tissue expression and hGH 
secretion into the bloodstream. 

5 

Example 10: In vivo gene -transfer of DNA encoding 
intrinsic factor by ' cannulat ion of naked DNA into the 
pancreas 

10 DNA encoding intrinsic factor (Hewitt et al . 

Genomics 10:432-440, . 1991) is ope r ably linked to the 
pancreatic a-amylase promoter. This promoter- intrinsic 
.factor DNA cassette; is then inserted into a plasmid 
capable of replicating, in Escherichia' coli . The plasmid 
, JL5 construct is then .used .0 to * transform £. coli, the 
transformed cells: are— ekpandedyi'^iid-' --Che„ ^construct DNA 
; purified* The purif ied EWA c *is^ then -resuspended in 0c 9% 
„sal ine and a volume of the: DNA* -solution, is .administered 
. - to a human, patient suffering- frottv pernicious anemia. 

2 0 Approximately 100 .mg . to 200 mg of DNA "is delivered to the 

pancreas, of the patient by calculation of the pancreatic 
duct;, by duodenal intubation using- endoscopic retrograde 
cholangiopancreatography^ " Expression andy secret ion of 
intrinsic factor; into - the - gastrointestinal tract ^ is 
.25 assessed using =. the : protdcol 'described \iabove. The 
efficacy, of -the therapy is also assessed-- by' examining the 
level, of vitamin vB 12 . in: the patient's blood. 

- Example- 11 In- vivo gene:, transfer'of. DNA encoding human : 

3 0. crrowth hormone bv- cannulat ion Of - naked DNA into the: 

pancreas . " f ■.■ v 

■ " . DNA encoding human; growth hormone (Marshall et al . 
Biotechnology 24 -.293-298 , 1992) is operably linked to the 
-human insulin promoter; 1 ' This prompters human growth 
. .35. ..hormone DNA, cassette is then inserted into,-; a plasmid^ 
. ; .capable of replicating in Escherichia coli\ • The plasmid: 
construct . is then, used to transform- v - coli, . the 
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transformed cells are expanded, and the construct DNA 
purified. The purified DNA is then resuspended in 0 9% 
saline and a volume of the DNA solution is administered 
to a human patient. Approximately ioo mg to 200 mg of 
5 DNA is delivered to the pancreas of the patient by 
cannulation of the pancreatic duct by duodenal intubation 
usxng endoscopic retrograde cholangiopancreatography 
Expression and secretion of human growth hormone into the 
blood stream is assessed by detection of the protein in 
10 the patient's blood. 

Example ^?• m ,frn gene transfer of dm* m „~*< r i u. innn 
inSUh " by ^'inion of na^ DMA - h e nmnnr ^ mtl 

DNA encoding human insulin is operably linked to the 
15 pancreatic a-amylase promoter. This promoter -human 
xnsuim DNA cassette is then inserted into a plasmid 
. capable of replicating an Escherichia coll. The plasmid 
construct is then used to transform E. coll, the 
transformed cells are expanded, and the construct DNA 
20 purified, -The purified DNA is then resuspended in 0 9% 
saline and a volume of the DNA- solution is administered 
to a human patient suffering from an insulin deficiency 
(e.g. , diabetes) . Approximately 100 mg to 200 mg of DNA 
is delivered, -to the pancreas of the patient by 
25 cannulation of the. pancreatic duct by duodenal intubation 
using endoscopic retrograde cholangio -pancreatography 
Expression, and secretion of insulin into the blood stream 
, xs assessed by examining blood glucose levels or by 
measuring insulin (e.g.-, by using a human 'insulin 
3 0 radioimmunoassay kit - . 



35 



Following procedures similar to those described 
above, other therapeutic proteins can be expressed from 
DNA inserted in the genome of a salivary gland cell by 
gene transfer according to the invention. 
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The invention now being fully described, it will be 
apparent to . one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit or scope of the appended 
5 claims . 
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What is claimed is: 



10 



1. A method of treatment, comprising: 
genetically transforming cells of a secretory gland 
of a mammalian patient with a construct comprising a DNA 
of interest which .expresses a protein that the patient is 
in need of and a eukaryotic promoting sequence operably 
linked to the DNA of interest; and 

allowing the genetically transformed cells to 
express the protein in a therapeutically effective amount 
thereby treating the patient. 



2. The method of claim 1, wherein the secretory 
gland is selected from the group consisting of the 
15 salivary gland and the pancreas. 

-. ■ 3..,. The method of claim 2, wherein the salivary 
gland is a parotid gland. 

,20-.. 4.., u The method .of claim 1, wherein the protein is 

secreted into the , blood stream and the protein is 
selected from the group consisting .of : - insulin, growth 
hormone, clotting factor VIII, and erythropoietin . 

25,,, -. 5 ? -The : methods of claim . .1 wherein the mammalian 
patient is a human the protein is a human protein and the 
secretory gland is a pancreas . 



30 



6 - ' The method of. claim 1 ,, wherein the pro t e in is 
human growth hormone and the secretory gland is a 
pancreas. •' .. ■ ..;„•-. ... 



7. The method of claim 6, where the cells of the 
pancreas are transformed in vivo by injecting a solution 
3 5 comprising vectors which vectors comprise DNA expressing 
human growth hormone. 
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8. The method of claim 6, wherein the mammalian 
patient is a human and the protein is human clotting 
factor VIII. 

5 9. The, method of claim 6, wherein the, mammalian 

patient is a human -and the protein is human intrinsic 
factor. 

10. The method of claim 6, wherein the mammalian 
10 patient is a human and the protein is human 
erythropoietin. 

11.. The method of claim 1, wherein the promoter 
sequence, is an amylase promoter. 
15 ■ ; " - " * . \ ■ ■■ ' 

12. The method of claim 11, wherein the secretory 
gland is -..the. pancreas ""and; -the amylase promoter is a 
pancreatic or-amylase promoter. 

20. 13. The method of claim 11, wherein the secretory 

gland is a. salivary gland and the amylase promoter is a 
salivary a- amylase promoter. 

14. The method of claim 1, wherein the DNA of 
25 interest and promoter are ; incorporated into a viral 

vector. 

15. The method of claim 5, wherein the protein is 
. .secreted, into the gastrointestinal tract . ; 

16. The. method of claim 6, wherein the protein is 
secreted into the patient's saliva. 
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17. A genetically transformed secretory gland cell, 
comprising: 

a DNA of interest which expresses a therapeutically 
effective protein which DNA is artificially and 
5 operatively inserted in the genome of the cell; 

a promoter operatively linked to the DNA. 

18. The cell of claim 17, wherein the promoter is 
a amylase promoter. 

10 

19. The cell of claim 17, wherein the cell is a 
human salivary gland cell and the promoter; is a human 
salivary amylase promoter. 

15 20 • Tiie cell? of claim 17, wherein the cell is a 

human pancreatic cell. and--, the promoter is a human 
pancreatic a- amylase promoter. 
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